Test weight was low when wheat was harvested early (>19% grain moisture).
Background on Wheat Harvest Date
In Ohio, 435,000 acres of soft red winter wheat were harvested in 2017, which represents a 32% reduction over the previous 5 years ( USDA-NASS, 2017) . The state supports a multi-million-dollar wheat industry with eight flour mills, creating a demand for high quality grain (USDA-NASS, 2017) . However, in some years, grain quality may be severely compromised by pests, diseases, and inclement weather. For producers to receive the full wheat market price, grain must have high test weight (>58 lb bu -1 ), with adequate grain moisture ( ≤ 13.5%) and low PHS ( ≤ 0.5%), FDK ( ≤ 4%), and DON mycotoxin contamination of grain ( ≤ 1 ppm). Price discounts due to low test weight and PHS, FDK, and DON above acceptable levels and low grain prices are among the primary reasons why the number of acres planted to wheat has been declining in Ohio (Ward, 2017; USDA-NASS, 2017) . Wheat producers need alternative management practices to prevent reductions in grain quality and yield to increase profitability. drying costs. However, once grain dries below 18%, re-wetting caused by precipitation can increase grain moisture and initiate germination, which can ultimately reduce test weight and milling and baking properties (Schuler et al., 1995) . For example, Farrer et al. (2006) estimated a 14.4% reduction in grain test weight due to re-wetting following two precipitation events after an eight-day delay in harvest. Grain that is re-wetted is also subject to PHS, where mature grain germinates while still in the spike. Pre-harvest sprout can significantly reduce grain and flour quality (Schuler et al., 1995) . Additionally, Fusarium graminearum, a causal agent of Fusarium head blight, can continue to damage kernels and produce DON and other mycotoxins after maturity if grain is re-wetted (Cowger et al., 2009) .
Each flour mill establishes its own quality standards, and if grain is not within the established standards, fees are deducted from the price paid per bushel of grain. Generally, grain with moisture concentration over 13.5% is charged a drying discount while grain over 18% moisture is often rejected. Flour mills also discount grain for low test weight and high PHS, FDK, and DON. Harvesting wheat early at a high moisture may increase grain quality and yield, helping offset drying costs while increasing economic return and reducing the risk of grain being re-wet (Schuler et al., 1995; Farrer et al., 2006; Cowger et al., 2009 ). However, the effects of harvest date on price discounts and profits is unknown. Therefore, the objective of this research was to evaluate the effect of harvest date on quality, yield, and gross profit of soft red winter wheat.
Methods Used to Evaluate Wheat Harvest Date
An experiment was conducted at the Western Agricultural Research Station (WARS) in South Charleston, OH during the 2016-2017 and 2017-2018 growing seasons and at the Northwest Agricultural Research Station (NWARS) in Custar, OH during the 2017-2018 growing season. At each site-year, a split-plot randomized complete block design was used, with harvest date as the main plot factor and cultivar as the subplot factor with four replications of treatments. Harvest date treatments included an early harvest at grain moisture concentration > 19% and a regular harvest date at grain moisture concentration at approximately 13%. Four Stewart Seed cultivars (Stewart Seeds, Inc., Greensburg, IN) were selected: 'SW470', 'SW487', 'SW490', and 'SW500'. All cultivars were rated by the seed company as having very good to excellent resistance against Fusarium head blight.
All plots were 4.4 ft wide by 25 ft long and were planted at a seeding rate of 25 seeds ft -1 row in 7.5-inch row spacing. Following soybean harvest, the trial area at WARS was vertically tilled both years, and the trial area at NWARS was disked and field-cultivated. Trials were planted on 13 Oct. 2016 and 10 Oct. 2017 at the WARS location and on 29 Sept. 2017 at the NWARS location using a custom-made planter equipped with a Great Plains 20 series row unit equipped with Singulator-Plus precision seed meters and high-rate wheat seed discs (Great Plains, Salina, KS). In 2017, propiconazole foliar fungicide (Tilt, Syngenta Crop Protection, LLC) was applied at the Feekes 9 growth stage at a product rate of 4 fl oz acre -1 to control foliar disease. In 2018, there was limited foliar disease, and no fungicide was applied. Wheat was harvested with a Wintersteiger combine (Wintersteiger, Salt Lake City, UT) equipped with a Harvest Master Classic GrainGage (Junipter Systems, Logan, UT). Harvest dates are listed in Table 1 . Cumulative precipitation, number of precipitation events, and average temperature between the two harvest dates were recorded from the Ohio Agricultural Research and Development Center weather system (Table 1) .
At harvest, grain samples were collected from the combine. Harvest moisture was measured using a hand-held Dickey John GAC grain moisture tester (Dickey John Inc., Auburn, IL). Grain samples were dried to a 13% moisture concentration using a forced-air drier at 140°F (Finney et al., 1962) . After drying, test weight was measured using the Dickey John GAC grain moisture tester. Grain samples were thoroughly mixed and split into three subsamples to measure PHS, FDK, and DON. Pre-harvest sprout was estimated by visually inspecting 100 seeds from each grain sample for an emerged radicle (Bhatt et al., 1981) . The percentage of FDK was quantified by estimating the amount of shriveled, whitish-pink kernels in a four-inch diameter Petri dish according to the diagrammatic rating scale used in Jones and Mirocha (1999) . Deoxynivalenol was measured using a Reveal Q+ for DON quick strip test kit (Neogene, Lasing, MI) according to methods in van der Fels-Klerx and De Riik (2014).
Price discount schedules from six grain flour mills, three in Michigan and three in Ohio, were used to compile average price discounts for grain drying, test weight, PHS, FDK, and DON (Table 2) . Most grain flour mills do not accept grain at a moisture concentration >18%, so for the early harvest treatment, a drying charge of $0.06 bu -1 was used based on the average on-farm drying costs (Ward, 2017) . When low quality grain is rejected from flour mills, producers can sell the grain to a feed mill to be used as animal feed if DON is < 10 ppm. When wheat grain is sold for animal feed, producers receive the market price for corn and receive drying and test weight discounts. To calculate the discount for rejected grain, the June 2018 US average corn price of $3.85 bu -1 was subtracted from the June 2018 US average wheat price of $4.80 bu -1 to get a discount of $0.95 bu -1 (USDA-NASS, 2018). 
Effect of Wheat Harvest Date

Time and Weather between Harvest Dates
At WARS 2016-2017 and NWARS 2017-2018 site-years, there were 7 days between harvest dates while at the WARS 2017-2018 site-year, there were 5 days between harvest dates (Table 1) . All site-years received precipitation between harvest dates with WARS 2016-2017 and NWARS 2017-2018 receiving 1.82 and 1.25 inches, respectively, in a single event and WARS 2017-2018 receiving 0.74 inches in two precipitation events ( Table 1 ). The precipitation events occurred within 1 to 2 days of the early harvest date when grain moisture was still high. A re-wetting cycle occurs when dry grain (approximately 13% moisture concentration) is re-wet by a precipitation event; thus, no-rewetting events occurred in this experiment. The average daily maximum and minimum temperatures were generally higher in 2017-2018 site-years compared with 2016/2017.
Grain Quality and Yield
Grain moisture was influenced by the interaction of harvest date and cultivar (Table 3) . At the early harvest date, SW500 had the highest grain moisture at 30.6% compared with SW470, SW487, and SW490 at 28.6, 22.7, and 19.6%, respectively (Table 4 ). In contrast, grain moisture at the regular harvest date was similar among all cultivars, ranging from 13.1 to 13.4%.
The interaction of harvest date and cultivar also influenced grain test weight (Table 3) . At the early harvest date, SW500 had the lowest test weight at 52.3 lb bu -1 compared with SW470, SW490, and SW487, which had test weights of 53.3, 55.6, and 55.7 lb bu -1 , respectively (Table 4 ). However, at the regular harvest date, SW490 had the lowest test weight at 57.9 lb bu -1 with test weigh ranging from 58.9 to 59.3 lb bu -1 for the other three cultivars. Test weight attains a maximum value near 18% grain moisture concentration, so at the early harvest date, test weight was still increasing (Gan et al., 2000) .
Pre-harvest sprout was influenced by the interaction of harvest date and cultivar (Table 3 ). However, PHS was overall low and never exceeded 1.2% ( precipitation between harvest dates likely initiated germination of mature seeds (Schuler et al., 1995) .
The main effect of cultivar influenced grain FDK (Table 3) .
Averaging across harvest dates, SW470 and SW490 had significantly higher FDK at 3% compared with SW500 and SW487 at 2.4 and 2.1%, respectively (data not shown). Although FDK levels were significantly different, they were generally low.
There was no effect of harvest date, cultivar, or the interaction of harvest date and cultivar on grain yield and DON.
Grain Price Discounts and Profit
The interaction of harvest date and cultivar influenced drying, test weight, and FDK price discounts (Table 5) . At the early harvest date, SW470 and SW500 had significantly higher drying discounts at $2.06 and $2.42 bu -1 , respectively, compared with SW487 and SW490 at $0.52 and $0.31 bu -1 , respectively (Table 6) , which was related to the higher grain moisture concentration at harvest for SW470 and SW500 (Table 3) . At the regular harvest date, none of the cultivars required drying. At the early harvest date, cultivar SW500 had the highest test weight discount at $0.61 bu -1 . Test weight discounts at the regular harvest date were similar among the cultivars, ranging from $0.02 to $0.06 bu -1 . Overall, FDK discounts were low, ranging from $0.01 to $0.05 bu -1 .
The interaction of harvest date and cultivar influenced total discounts (Table 5) . At the early harvest date, SW470 and SW500 had significantly higher total discounts of $3.02 and $3.23 bu -1 , respectively, compared with SW487 and SW490, with discounts of $0.93 and $0.72 bu -1 , respectively (Table 6) . Cultivars SW487 and SW490 harvested early, and all cultivars harvested at the regular harvest time had a similar total discount, ranging from $0.34 to $0.93 bu -1 . The greatest proportion of price discounts at the early harvest date came from drying costs while test weight accounted for the next largest proportion of the total discount.
Gross profit was influenced by the interaction of harvest date and cultivar (Table 5 ). Gross profit was greatest for SW487 and SW490 harvested early and all cultivars in the regular harvest treatment, ranging from $297.58 to $373.80 bu -1 ( Table  6 ). SW470 and SW500 harvested early had significantly lower gross profits at $142.99 and $118.99 bu -1 , respectively. Total price discount was the main contributor to differences in gross profit since harvest date and cultivar treatments did not significantly influence grain yield.
Recommendations
The early harvest date treatment (grain moisture >19%) reduced PHS but did not positively influence grain test weight, FDK, DON, or yield. Test weight was significantly greater at the regular harvest date. All site-years received precipitation and warm temperatures between harvest dates, but precipitation occurred within 1 to 2 days of the early harvest date when grain moisture was still high. In this experiment, re-wetting of dry grain did not occur.
Harvesting wheat early at high grain moisture (28.6 to 30.6%) did not increase gross profits. However, there may be an economic advantage in a wheat-double crop soybean system. Soybean grain yield is strongly influenced by planting date with reductions up to 5.4 bu acre -1 day -1 for each day soybean is planted after the last week of April (Rattalino Edreira et al., 2017) . If harvesting wheat early is of interest, avoid harvesting until grain moisture concentration is at least 22% to avoid drying and test weight discounts. Also, select an early maturing cultivar to avoid high drying costs and test weight discounts. Gross profit † ------------------------$ bu -1 ------------------------$ acre -1 .58 a † Gross profit = (wheat price-total discounts) × wheat grain yield. The June 2018 wheat price of $4.80 was used (USDA-NASS, 2018). ‡ Means followed by same letters in a column indicate no significant difference using Fisher's Protected LSD at α = 0.05.
